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httpcense.Abstract The effect of different ginger powder (GP) concentrations ranged between 0% and
1.25% on oxidative stability, rheological, and sensory characteristics of mayonnaise were studied
during 20 weeks storage period. The pH value signiﬁcantly (P< 0.05) decreased with increasing
storage period. Its decreasing rates in mayonnaise samples prepared using 1.0 and 1.25% GP were
signiﬁcantly (p< 0.05) lower than that in the control. In addition, the treated samples had acid val-
ues signiﬁcantly lower than that of the control sample at the end of storage period. After 20 weeks,
the values of peroxide were 2.4 and 8.9 meq kg1, anisidine were 27.5 and 24.2 mmol kg1, and
totox were 52.5 and 42.2, respectively, for mayonnaise prepared using 1.0% and 1.25% GP with
a signiﬁcant differences with the control sample that had 53.0 meq kg1, 56.2 mmol kg1 and
162.2, respectively. The calculated Protective factors from totox values regression analysis for sam-
ples containing 1.0% and 1.25% GP were 3.3 and 4.0, respectively, while the control sample had a
lower protective factor being 1.0. The consistency index, ﬂow behavior index, and apparent viscos-
ity were not signiﬁcantly affected by adding different GP concentrations at the onset of storage or
after 20 weeks. Used concentrations at 1.0% and 1.25% of GP saved the sensory characteristics
during storage period compared to the control sample which was refused at the end of storage after
20 weeks.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.123411191.
com (Y.F.M. Kishk).
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The antioxidant activity of herbs and spices were extensively
studied (Shobana and Naidu, 2000), and various of their
health beneﬁts were determined (Kanner et al., 2001). From
time immemorial, herb extracts were used for preserving the
quality of soybean oil (Almeida-Doria and Regitano-Darce,
2000), beef (Ahn et al., 2002), meat, poultry, and ﬁsh (Tang
et al., 2001; Jamora and Rhee, 2002).aculty of Agriculture, Ain Shams University.
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214 Y.F.M. Kishk, H.E. ElsheshetawyGinger plant (Zingiber ofﬁcinale) belongs to the family Zing-
iberaceae and has been widely used as spice and ﬂavoring agent
in foods for over 2000 years (Bartley and Jacobs, 2000). The
ginger roots and the obtained extracts contain polyphenol com-
pounds (6-gingerol and its derivatives), which have a high
antioxidant activity (Chen et al., 1986). Ginger has a high anti-
oxidant activity and it was similar to tertiary butyl hydroqui-
none (TBHQ), butylated hydroxyanisole (BHA), and
butylated hydroxytoluene (BHT) combined (Stoilova et al.,
2007; Bandyopadhyay et al., 2008; Kishk and Elsheshetawy,
2010). Antioxidants may act as free radical quenchers, reducing
compounds and singlet oxygen scavengers and as pro-oxidant
metals suppressors (Kochhar and Rossell, 1990). Water ginger
extract has been strong radical scavenging and antioxidant
activities (Tsai et al., 2005; Kishk and Elsheshetawy, 2010).
Several active components are present in ginger (Polasa and
Nirmala, 2003). Among these, the major active ingredients are
gingerol and hexahydrocurcumin (Polasa and Nirmala, 2003;
Tiwari et al., 2006). Fresh ginger rhizome contains gingerol,
but it converts to zingerone and shogaol after drying. Zingerone
also have antioxidant and anti-inﬂammatory effect and can
prevent the growth of cancer. Ginger has antiemetic activity
and canpreventmotion sickness.Gingerol and shogaol in ginger
also have a health beneﬁts, and it can protect heart from blood
clotting (Craig, 1999; Polasa and Nirmala, 2003).
Mayonnaise is a widely consumed food product (Cristina
et al., 2005). Mayonnaise is a kind of semi-solid oil-in-water
emulsion that prepared by emulsifying the oil with other com-
ponents like egg, vinegar, and mustard. In multiphase systems,
oxidative reactions are an interfacial phenomenon, which are
affected by a wide number of different factors, such as the
chemical composition and the physicochemical properties of
the oil and water phases, the types of surfactants, and the sur-
face area of the oil phase (Silvestre et al., 2000; Nuchi et al.,
2002). Interfacial oxidation is of a great concern to the emulsi-
ﬁed foods like mayonnaise because it affects in the storage sta-
bility (Calligaris et al., 2007). Rheological properties may give
a quantitative contribution to texture characterization and
control when using different formulations (Batista et al.,
2006; Worrasinchai et al., 2006). For the steady shear measure-
ment, the power law has been widely used to describe the ﬂow
properties of mayonnaise (Batista et al., 2006; Guilmineau and
Kulozik, 2007). Normally, synthetic antioxidants like BHA,
BHT, and TBHQ are used to depress rancidity of fats and oils.
However, the toxicity of synthetic antioxidants (Barlow, 1990)
and increasing consumer demand for natural products have
directed our attention toward the edible plants as resources
of safer and more effective natural antioxidants. Therefore,
the objective of this study is to evaluate the utilization of
ginger powder in mayonnaise preparation for improving its
oxidative stability. The effect of ginger powder on the rheolog-
ical measurements and sensory characteristics of prepared
mayonnaise were also studied.Materials and methods
Materials
All ingredients used to prepare the mayonnaise, such as corn
oil, egg, salt, sugar, lemon juice, vinegar, mustard, and white
pepper were purchased from a local market.Preparation of mayonnaise
Mayonnaise control sample was prepared using the formula
contained the following ingredients in percentage (w/w): corn
oil 70, whole egg 19.1, salt 1.0, sugar 0.6, lemon juice 1.6,
vinegar 5.6, mustard 1.8, and white pepper 0.3. The preparation
was carried out by mixing egg and vinegar together and then all
other ingredients using electric mixer (SANYO blender SM-
6460 CG, Japan) on liquefy velocity for 5 s. Then, the oil was
added to the system on puree velocity and more rapidly after
the mass begins to thicken, with raising gradually the velocity
from puree to liquefy during 50 s. All ingredients were homog-
enized on liquefy velocity for 20 s. The treated mayonnaise sam-
ples were prepared using ginger powder (GP) at different
concentrations of 0.5%, 0.75%, 1.0%, and 1.25%.
The prepared mayonnaise samples were packed in 100 g
size glass jars with screw cap and stored at ambient tempera-
ture (20 C± 5). Samples were taken after 2 days and 4 weeks
intervals in three replications till 20 weeks for measuring pH,
and analysis for their lipid oxidative rancidity; rheological
and sensory evaluations.
pH measurement
pH values of mayonnaise samples were measured at a tempera-
ture of 25 C± 0.5 using a HANA pH meter (SA 520, USA)
according the procedure of Zaika et al. (1976). Three replicates
for three different sampleswere taken for eachpHmeasurement.
Oxidative stability measurements
According to AOAC (2000), lipids were extracted from may-
onnaise samples, and acid and peroxide values of extracted lip-
ids were determined. q-Anisidine value was determined
according to the AOCS Ofﬁcial Method Cd 18–90 (AOCS,
1998). Total oxidation (Totox) value was calculated according
to the formula described by (Shahidi and Wanasundara (2002).
Totox value ¼ 2P:vþAn:v ð1Þ
where P.v is the peroxide value and An.v is the anisidine value.
Rheological measurements
The rheological measurements were performed in a rotational
coaxial concentric rheometer (Rheotest 2, Medingen, Ger-
many) as described by Liu et al. (2007). The mayonnaise ﬂow
properties were analyzed at 25 C using a ‘‘S1’’ cylinder.
(A) The power low parameters consistency index (K) and ﬂow
behavior index (n)were calculated fromthe regressioncoef-
ﬁcients of log shear rate and log shear stress data (Paredes
et al., 1988). The power law equation is as follows:
r ¼ K  cn ð2Þ
where r is the shear stress dyne (cm2), K the consistency index,
c the shear rate (s1) and n is the ﬂow behavior index.
(B) Apparent viscosity (l) at shear rate of 1.62 s1 was
calculated from the experimental values of different
mayonnaise samples as follows:
l ¼ K  cn1 ð3Þ
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Seven sensory characteristics of prepared mayonnaise samples
were evaluated after preparation as well as after 20 weeks of
storage at ambient temperature. Preferences taste panel includ-
ing the characteristics of appearance, color, taste, ﬂavor, con-
sistency, mouth feel, and overall acceptability was conducted
by ten members preference taste panel, from staff of the
Department of Food Science, Faculty of Agriculture, Ain
Shams University. A nine-point hedonic scale was used with
1 = dislike extremely and 9 = like extremely. The sample pre-
sentation order was randomized.
Statistical analysis
The obtained data were exposed to analysis of variance.
Duncan multiple range at 5% level of signiﬁcance was used
to compare between means. The analysis was carried out using
the PROC ANOVA procedure. The protective factors and the
rheological ﬂow parameters calculated by regression analysis
that carried out using PROC REG procedure. Analysis of var-
iance and regression analysis procedure were carried out using
Statistical Analysis System (SAS, 1996).
Results and discussion
pH value
The pH value in different mayonnaise samples was the same
being 4.3 and not affected by adding different concentrations
of GP at zero time (Table 1). It signiﬁcantly (P< 0.05) de-
creased with increasing the storage period till the 20 weeks.
The pH decreasing rates in different samples were affected
by adding ginger. The values were ranged between 3.4 and
3.9 at the end of storage period with decreasing rates of
20.9% and 9.3%, respectively, in control sample and that con-
tained 1.25% GP. As a result of activity of lactic acid bacteria,
the mayonnaise pH decreased during storage period (Marine-
scu et al., 2011). It was noticed that increasing the ginger con-
centration lead to retarding the decreasing of pH values as a
result of its antibacterial effect. Sebiomo et al. (2011) reported
that ginger can be used for the development of broad spectrum
antibiotics. These obtained data are agreed with Worrasinchai
et al. (2006), El-Bostany et al. (2011), and they found that the
pH values decreased continuously in mayonnaise samples
during storage period.Table 1 pH values of mayonnaise samples prepared by using differ
Storage period (week) Ginger concentrations
0.0% (control) 0.5%
0 4.3Aa ± 0.14 4.3Aa ± 0.14
4 3.5Bb ± 0.32 4.1ABa ± 0.14
8 3.5Bc ± 0.14 3.8BCbc ± 0.07
12 3.5Bc ± 0.12 3.7BCbc ± 0.07
16 3.4Bb ± 0.04 3.7BCab ± 0.35
20 3.4Bc ± 0.06 3.4Cc ± 0.14
Means in the same column with different capital letters are signiﬁcantly
Means in the same row with different small letters are signiﬁcantly differ
Values are mean (n= 3) ± standard deviations.Oxidative stability
Acid value
The acid value of extracted lipids was used as a measure of li-
pid hydrolysis that leads to formation of free fatty acids. Data
present in Table 2 indicated that acid values of mayonnaise ex-
tracted lipids gradually increased with signiﬁcant difference
(P< 0.05) versus storage period reaching their maximum after
20 weeks. Control sample had acid value signiﬁcantly
(P< 0.05) higher than other samples prepared using different
concentrations of ginger. The increase in acid value could be
mainly attributed to the activity of acid tolerant microorgan-
isms such as lactic acid bacteria which present in the aqueous
phase in mayonnaise (Pourkomailian, 2000; Karas et al.,
2002). Also, these increases were probably due to the activity
of hydrolytic and oxidative enzymes present in eggs (Stefanow,
1989). On the other side, it could be noticed that increasing the
ginger concentration in mayonnaise samples signiﬁcantly
(P< 0.05) inhibits the progress in acid value. It may due to
the phytoconstituents of ginger which have longed been known
as their antibacterial properties (Roy et al., 2006). As men-
tioned in Table 2, the acid values ranged between 3.03 and
5.65 mg KOH g1 in lipid extracts of mayonnaise sample pre-
pared with 1.25% ginger and control sample, respectively.
Output data from the regression analysis of acid values versus
the storage period appeared the relation between ginger con-
centrations and acid values. The protective value increased
with increasing the ginger concentration as it reached to its
maximum values of 1.9 and 2.0 in the samples prepared using
1.0% and 1.25% ginger. The correlation coefﬁcients for the
protective factors ranged between 0.7334 and 0.8419.
Peroxide value
Lipid oxidation is accelerated by reactions that take place at
the surface of oil-in-water emulsion droplets (Mc Clements
and Decker, 2000). Hydroperoxides were measured to deter-
mine the initial rate of oxidation because they are generally ac-
cepted as the ﬁrst product formed by oxidation (Rossell, 1986).
Consequently, Li Hsieh and Regenstein (1992) predicated that
peroxide value was the best test for early oxidation of mayon-
naise oil. The peroxide values were signiﬁcantly (P< 0.05) in-
creased in the prepared mayonnaise samples with the progress
of storage period reaching to their highest values after
20 weeks. The addition of dried ginger at concentrations
1.0% and 1.25% could retarded the increase in peroxide value
in prepared mayonnaise samples, and it reached its minimument ginger concentrations.
0.75% 1.0% 1.25%
4.3Aa ± 0.14 4.3Aa ± 0.14 4.3Aa ± 0.14
4.3Aa ± 0.14 4.3Aa ± 0.14 4.2Aa ± 0.07
3.9ABab ± 0.13 4.1ABa ± 0.10 4.1ABa ± 0.03
3.8Bab ± 0.07 4.0ABa ± 0.03 4.1ABa ± 0.07
3.8Bab ± 0.28 4.0ABab ± 0.28 4.1ABa ± 0.10
3.6Bbc ± 0.14 3.8Bab ± 0.14 3.9Ba ± 0.69
different (P< 0.05).
ent (P< 0.05).
Table 2 Acid value (mg KOH g1) of lipid extracts of mayonnaise samples prepared by using different ginger concentrations.
Storage period (week) Ginger concentrations
0.0% (control) 0.5% 0.75% 1.0% 1.25%
0 0.1Da ± 0.02 0.1Ca ± 0.02 0.1Da ± 0.02 0.1Da ± 0.02 0.1Ca ± 0.02
4 2.9Ca ± 0.02 2.5Bab ± 0.50 2.0Cb ± 0.19 2.1Cb ± 0.26 2.0Bb ± 0.09
8 3.7BCa ± 0.35 3.1Bab ± 0.09 2.7Bbc ± 0..10 2.5BCbc ± 0.18 2.3ABc ± 0.52
12 4.3ABa ± 0.10 3.7ABab ± 0.00 3.4Abc ± 0.03 2.8ABcd ± 0.24 2.7ABd ± 0.48
16 4.8ABa ± 1.26 3.9ABab ± 0.57 3.5Aab ± 0.41 2.9ABb ± 0.13 2.9Ab ± 0.07
20 5.6Aa ± 0.35 4.9Aab ± 1.7 3.7Abc ± 0.14 3.1Ac ± 011 3.0Ac ± 0.13
PF 1.0 1.2 1.5 1.9 2.0
R2 0.8419 0.8153 0.8279 0.7334 0.7042
PF, protective factor.
Means in the same column with different capital letters are signiﬁcantly different (P< 0.05).
Means in the same row with different small letters are signiﬁcantly different (P< 0.05).
Values are mean (n= 3) ± standard deviations.
Table 3 Peroxide value (meq kg1) of lipid extracts of mayonnaise samples prepared using different ginger concentrations.
Storage period (week) Ginger concentrations
0.0% (control) 0.5% 0.75% 1.0% 1.25%
0 0.2Ca ± 0.03 0.2Ca ± 0.03 0.2Fa ± 0.03 0.2Da ± 0.03 0.2Da ± 0.03
4 2.0Ca ± 0.00 1.7Cab ± 0.28 1.8Eab ± 0.04 1.6Db ± 0.02 1.55Db ± 0.12
8 23.2Ba ± 0.97 21.6Ba ± 3.22 14.3Db ± 0.77 5.4Cc ± 0.39 3.7Cc ± 0.47
12 29.2Ba ± 1.12 20.9Bab ± 1.96 16.8Cabc ± 0.01 7.3Bbc ± 0.39 6.6Bc ± 1.18
16 34.9Aa ± 3.68 33.3Ab ± 0.83 26.1Bc ± 0.50 8.9Bd ± 0.66 7.8ABd ± 0.18
20 53.0Aa ± 5.74 36.8Ab ± 1.62 29.2Ac ± 0.50 12.4Ad ± 1.46 8.9Ad ± 0.66
Means in the same column with different capital letters are signiﬁcantly different (P< 0.05).
Means in the same row with different small letters are signiﬁcantly different (P< 0.05).
Values are mean (n= 3) ± standard deviations.
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of storage period (Table 3). The obtained data for inhibiting
the lipid peroxidation were conﬁrmed by the results of Stoilova
et al. (2007). Wettasinghe and Shahidi (1999) illustrated that
the hydrophobic antioxidants are directed toward the fat–
water interface and prevent the fatty phase from oxidation.
After 20 weeks storage of the control sample, the peroxide va-
lue arrived to its highest value of 53.0 meq kg1 oil with signif-
icant difference (p< 0.05) compared to all the other prepared
samples. High concentration of the ginger showed a great anti-
oxidant activity. The antioxidant activity that appeared in the
prepared mayonnaises was due to the phenolics content in GP
(Kishk and Elsheshetawy, 2010). Some phenolic compounds
have been found to have an intermediate strong inhibiting
effect on peroxide value (Timm-Heinrich et al., 2003). The
antioxidant activities of phenolic compounds can occur from
3 mechanisms as chain-breaking antioxidant, hydroperoxide
destroyer, and metal chelator (Heim et al., 2002; Frankel,
2005). Ginger had a high antioxidant activity with non-signif-
icant difference (P> 0.05) compared to TBHQ and BHA–
BHT combined (Bandyopadhyay et al., 2008; Kishk and
Elsheshetawy, 2010).
Anisidine value
The peroxides in oxidized oil are transitory intermediates that
decompose into various carbonyl and other compounds(Rossell, 1986). Primary oxidation products are colorless and
ﬂavorless while secondary oxidation products are odor-active
(List et al., 1974). Li Hsieh and Regenstein (1992) reported
that the anisidine value was recommended to determine the la-
ter stages of oxidation in mayonnaise.
Anisidine value of extracted lipids of all prepared mayon-
naise samples were signiﬁcantly (p< 0.05) increased as the
storage period progressed (Table 4). The anisidine value test
was utilized to determine the level of aldehydes, principally
2-alkenals and 2,4-alkadienals, present in the emulsiﬁed oil
(Shahidi and Wanasundara, 2002). Mayonnaise containing
1.25% GP had signiﬁcantly lower (p< 0.05) anisidine value
than those of other prepared samples at any corresponding
period. The anisidine value of extracted lipid from control
mayonnaise sample reached to 56.25 mmol kg1 oil after
20 weeks. This high anisidine value indicated that the oil was
oxidized and deteriorated. Lipid oxidation is one of the most
serious causes of quality deterioration in many foods because
it leads to the generation of undesirable off-ﬂavors and off-
odors (Mc Clements, 1999).
Mayonnaise samples prepared using GP at concentrations
from 0.5 up to 1.25 had an anisidine value ranged between
48.60 and 24.25 mmol kg1 oil, respectively, at the end of stor-
age period. The lowest anisidine value was noticed in extracted
lipid from stored sample prepared using 1.25% GP with
decreasing percentage of 65.9%. Some phenolic compounds
Table 4 Anisidine value (mmol kg1) of lipid extracts of mayonnaise samples prepared using different ginger concentrations.
Storage period (week) Ginger concentrations
0.0% (control) 0.5% 0.75% 1.0% 1.25%
0 2.7Ea ± 0.11 2.7Da ± 0.11 2.7Da ± 0.11 2.7Da ± 0.11 2.7Ea ± 0.11
4 4.6Ea ± 0.07 4.5Db ± 0.10 4.5Db ± 0.07 4.4Dc ± 0.11 4.3Ed ± 0.07
8 22.6Da ± 0.71 23.0Ca ± 0.35 20.9Ca ± 0.71 16.7Cb ± 0.56 13.3Dc ± 0.85
12 31.7Ca ± 1.06 22.3Cb ± 1.10 22.8Cb ± 1.06 21.3Bb ± 0.88 18.3Cc ± 0.71
16 44.2Ba ± 1.59 39.6Bb ± 1.50 32.9Bc ± 1.60 25.6Ad ± 1.09 21.3Be ± 1.59
20 56.2Aa ± 1.63 48.6Ab ± 0.71 38.5Ac ± 0.78 27.5Ad ± 0.21 24.2Ae ± 0.49
Means in the same column with different capital letters are signiﬁcantly different (P< 0.05).
Means in the same row with different small letters are signiﬁcantly different (P< 0.05).
Values are mean (n= 3) ± standard deviations.
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Heinrich et al., 2003). The obtained data were in good relation-
ships to those of primary products of lipid oxidation
determined as peroxide value. It means that the use of GP in
mayonnaise preparation inhibited the autoxidation of unsatu-
rated double bonds and the formation of peroxides, hydroper-
oxides, and their decomposed products, principally 2-alkenals
and 2,4-alkadienals.
Total oxidation value
During lipid oxidation, it is often observed that peroxide value
is ﬁrst rises and then falls as hydroperoxides decompose. Total
oxidation value (Totox value) measures both hydroperoxides
and their breakdown products and provides a better estima-
tion of the progressive oxidative deterioration of fats and oils
(Shahidi and Zhong, 2005). Totox value was calculated
according to the collected peroxide and anisidine data during
storage period (Fig. 1). It could be noticed that the Totox va-
lue increased signiﬁcantly (p< 0.05) as affected by ambient
temperature storage. The greatest increase in Totox value
was observed in untreated mayonnaise samples. Samples
contained 1.0% and 1.25% GP had the lowest totox value at
the end of storage period compared to others. Generally, treat-
ing mayonnaise samples with GP lead to inhibit the formationFig. 1 Protective factors (PF) calculation from the linear
regression of Totox values plot agents storage periods of mayon-
naise samples prepared using different ginger concentrations.of peroxides as primary oxidation products and relatively pre-
vent the formation of secondary oxidation products especially
at the concentrations of 1.0% and 1.25%. Unlike hydroperox-
ides, aldehydes do not decompose rapidly, thus allowing the
past history of an oil to be determined with the anisidine value
(Shahidi and Wanasundara, 2002).
The slopes of the rise in peroxide values of extracted lipids
from mayonnaise samples were estimated from regression anal-
ysis of totox value versus storage period as an indicator of the
oxidation rate (Malecka, 2002). Protective factor was calculated
as a ratio from divide the control sample slop on the treated
sample slop. The high slope or low protective factor reﬂects
the extent of progress in the oxidation process. The totox slope
of control sample was the highest one being 33.9 with the lowest
protective factor of 1withR2 0.9577, while the slop gradually de-
creased to 8.4with increasing the ginger concentration to 1.25%.
Decreasing the slop leads to improve the protective factor. The
highest protective factor values were 3.3 and 4.0 (R2 0.9663
and 0.9625) observed in samples prepared using 1.0% and
1.25% GP, respectively.Rheological measurements
Shear stress data of the different mayonnaise samples were col-
lected over the shear rate ranged from 0.1 to 43.74 s1. The
power law equation described the shear stress–shear rate data
of all samples very well. The correlation coefﬁcients for the
regression analysis of the log shear stress–log shear rate data
ranged between 0.9952 and 0.9371 at zero time; 0.9737 and
0.8954 after 20 weeks storage period. Table 5 illustrates the
effect of different ginger concentrations on consistency index
(K), ﬂow behavior index (n), and apparent viscosity (l) of may-
onnaise samples stored for 20 weeks. No signiﬁcant differences
(P> 0.05) were observed between the K values for prepared
samples using different ginger concentrations either at zero
time or after storage for 20 weeks. In addition, K values for
the samples after 20 weeks were not signiﬁcantly affected
compared to the samples at zero time at all different ginger
concentrations. The ﬂow behavior index (n) of all mayonnaise
samples was less than 0.4. Its values ranged from 0.29 to 0.38
and 0.27 to 0.35 for all samples at zero time and after 20 weeks,
respectively. It was observed that these samples were pseudo-
plastic nature in all cases (Hou-Pin et al., 2010). Adding the
GP at different concentrations to mayonnaise samples showed
no signiﬁcant (p> 0.05) effect on the apparent viscosity. In
addition, no signiﬁcant difference in its values of each sample
Table 6 Sensory evaluation of mayonnaise samples prepared using different ginger concentrations.
Parameters Storage period (week) Ginger concentrations
0.0% (control) 0.5% 0.75% 1.0% 1.25%
Appearance 0 8.1Aa ± 1.1 8.4Aa ± 0.5 8.7Aa ± 0.8 8.7Aa ± 0.8 8.8Aa ± 0.9
20 7.2Ab ± 0.5 7.7Aab ± 0.6 8.2Aa ± 0.5 8.3Aa ± 0.6 8.5Aa ± 0.5
Color 0 8.5Aa ± 1.3 8.8Aa ± 0.9 8.7Aa ± 0.8 8.7Aa ± 0.8 8.5Aa ± 1.0
20 7.5Ab ± 0.6 8.2Aab ± 0.6 8.5Aa ± 0.7 8.5Aa ± 0.7 8.5Aa ± 0.6
Taste 0 7.1Ac ± 0.4 7.8Ab ± 0.4 8.5Aa ± 0.5 8.5Aa ± 0.5 8.7Aa ± 0.5
20 4.5Bc ± 0.6 6.7Bb ± 0.8 7.5Bab ± 1.7 8.2Aa ± 1.6 8.0Aa ± 1.0
Flavor 0 7.0Ac ± 1.0 8.1Ab ± 0.4 8.4Aab ± 0.5 8.7Aab ± 0.5 8.8Aa ± 0.4
20 4.7Bd ± 1.0 6.0Ac ± 1.4 7.3Bb ± 1.3 8.3Aab ± 1.3 8.6Aa ± 0.8
Consistency 0 8.7Aa ± 0.5 8.5Aa ± 1.0 8.5Aa ± 0.5 8.4Aa ± 0.8 8.4Aa ± 0.5
20 7.5Ba ± 0.6 7.5Aa ± 0.6 7.8Aa ± 0.6 8.0Aa ± 0.5 8.5Aa ± 0.6
Mouth feel 0 7.2Ac ± 0.5 8.1Ab ± 0.4 8.5Aab ± 0.5 8.5Aab ± 0.5 8.8Aa ± 0.4
20 5.0Bb ± 0.8 6.0Bb ± 1.3 7.2Ba ± 1.3 8.2Aa ± 1.3 8.5Aa ± 0.8
Overall acceptability 0 7.4Ac ± 0.5 8.0Ab ± 0.0 8.4Aab ± 0.5 8.5Aab ± 0.5 8.8Aa ± 0.7
20 4.5Bd ± 0.6 6.7Bc ± 1.3 7.5Bbc ± 1.5 8.0Aab ± 1.3 8.6Aa ± 1.0
Means in the same column with different capital letters are signiﬁcantly different (P< 0.05).
Means in the same row with different small letters are signiﬁcantly different (P< 0.05).
Values are mean (n= 10) ± standard deviations.
Table 5 Consistency index (K), ﬂow behavior index (n), and apparent viscosity (l) of mayonnaise samples prepared using different
ginger concentrations.
Parameters Storage period (week) Ginger concentrations
0.0% (control) 0.5% 0.75% 1.0% 1.25%
K 0 26.8Aa ± 0.5 25.1Aa ± 3.3 27.2Aa ± 0.4 24.3Aa ± 1.1 25.1Aa ± 0.6
20 25.5Aa ± 0.8 23.7Aa ± 0.9 26.9Aa ± 0.8 23.7Aa ± 3.6 23.5Aa ± 1.0
n 0 0.29Aa ± 0.0 0.38Aa ± 0.1 0.29Aa ± 0.0 0.37Aa ± 0.0 0.36Aa ± 0.1
20 0.27Aa ± 0.1 0.35Aa ± 0.1 0.34Aa ± 0.0 0.32Aa ± 0.0 0.32Aa ± 0.0
R2 0 0.9952 0.9482 0.9934 0.9371 0.9510
20 0.8954 0.9553 0.9737 0.9362 0.9597
l 0 19.0Aa ± 0.2 18.6Aa ± 1.4 19.3Aa ± 0.3 17.5Aa ± 0.5 17.3Aa ± 0.9
20 16.5Aa ± 1.2 17.3Aa ± 1.1 17.5Aa ± 0.1 17.6Aa ± 3.0 18.1Aa ± 1.0
Means in the same column with different capital letters are signiﬁcantly different (P< 0.05).
Means in the same row with different small letters are signiﬁcantly different (P< 0.05).
Values are mean (n= 3) ± standard deviations.
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According to analysis of variance, neither different ginger con-
centration nor storage period signiﬁcantly (p> 0.05) was af-
fected in the obtained K, n, and l values.
Sensory evaluation
The results of statistical analysis of sensory evaluation of pre-
pared mayonnaise using different ginger concentrations and
stored for 20 weeks are presented in Table 6. Scores of appear-
ance, color, and consistency of control sample and other pre-
pared mayonnaise samples were not signiﬁcantly (P> 0.05)
affected by ginger added at zero time. Taste, ﬂavor, mouth
feel, and overall acceptability score values showed a preference
of panelists to samples prepared with 0.75%, 1.0%, and 1.25%ginger compared to the control sample with signiﬁcant differ-
ences (P< 0.05). Storing the prepared mayonnaise samples
for 20 week not signiﬁcantly (P> 0.05) affected the appear-
ance or color of all studied samples. At the same time, no
signiﬁcant differences in taste, ﬂavor, mouth feel, and overall
acceptability were observed between the samples prepared
using 1.0% and 1.25% ginger after storage period samples at
zero time, while samples prepared with ginger concentrations
less than 1.0% and stored for 20 weeks showed a signiﬁcant
differences (P< 0.05) in the aforementioned quality attributes
compared to those at zero time. Generally, mayonnaise sam-
ples prepared using 1.0% and 1.25% GP gave signiﬁcantly
(P< 0.05) the highest overall acceptability scores at zero time
and after 20 weeks compared to those of the control and other
samples.
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This work clariﬁed that the oxidative stability of prepared
mayonnaise can be improved by the addition of GP at concen-
trations 1.0% and 1.25%. GP reduced the per-oxidation pro-
cess and the formation of the secondary oxidation products
during storage for 20 weeks. The mayonnaise samples pre-
pared using 1.0% and 1.25% had signiﬁcantly (P < 0.05) the
lowest peroxide and anisidine values during storage period
compared to the control sample. The rheological properties
of the prepared mayonnaise samples seemed to be unaffected
by the addition of GP in the range of concentrations tested.
Addition of ginger to mayonnaise signiﬁcantly (p < 0.05) en-
hanced the sensory attributes depending on its concentration.
The panelists preferred the 1.0% and 1.25% ginger in mayon-
naise more than the control and other samples either at zero
time or during storage period. Based on the obtained data, it
can be recommended to prepare mayonnaise with using
1.0% or 1.25% ginger powder. In addition, this investigation
was performed to study more applications of GP as an additive
to improve the oxidative stability and sensory quality in other
emulsiﬁed foods.
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